ABSTRACT: Many anthropogenic actions have an impact on coastal dolphins, with bycatch being one of the main threats. We describe the distribution patterns of common bottlenose dolphins Tursiops truncatus and periods of higher entanglement risk by the artisanal gillnet fishery in the Patos Lagoon estuary and along the adjacent coast of southern Brazil. A total of 136 dolphin groups and 187 gillnets were encountered in 69 surveys conducted between September 2006 and July 2009. Data were analyzed in relation to environmental, spatial and temporal variables using generalized additive models and a spatially adaptive local smoothing algorithm for model selection. In both areas, dolphin densities increased as distance to the estuary mouth decreased. For the estuary area, water salinity and temperature influenced dolphin distribution. Along the adjacent coast, dolphin densities were higher with distance to shore as well as in the north area during the warm period. Patterns of dolphin distribution were probably a response to the presence of preferred prey or avoidance of human-related disturbance. Kernel density showed that fishing effort was distributed along the entire surveyed area inside the estuary, while along the adjacent coast it was higher in the south compared to the north area in the warm period. The overlap between gillnets and dolphins increased considerably from the cold (33.8%) to the warm (48.6%) period. Seasonal variation in fishing effort and distribution affect the overlap and the risk of dolphin entanglement. Based on the findings of this study, a fishing exclusion area aimed at reducing bycatch was established by the Brazilian Environmental Agency.
INTRODUCTION
The coastal habitat of many dolphin populations overlaps with human ac tivities, and these populations face the impacts, for example, of competition with fisheries, pollution, habitat degradation, coastal development and increasing underwater noise (Reeves et al. 2003 (Reeves et al. , 2013 . However, mortality due to entanglement in fishing gears such as gillnets, trawls and crab pots is the main threat to the survival of many of these populations (e.g. Noke & Odell 2002 , Díaz López 2006 , Gonzalvo et al. 2008 . In recent years there have been increased efforts to investigate the impact of fisheries on cetaceans and how to mitigate it (e.g. Brown et al. 2013 , Stolen et al. 2013 , Waples et al. 2013 . Understanding distribution patterns of dolphins threatened by human activities can be of particular use in informing decision makers about appropriate actions for their protection.
Prey distribution and abundance are key factors in determining the spatial and temporal patterns of dolphins. In fine-scale studies, however, it is often challenging to collect and analyze the prey availability data required to understand this relationship (Acevedo-Gutierrez & Parker 2000 , Heithaus & Dill 2002 . Habitat features such as depth, slope and distances from rivers, estuaries or coast might trigger oceanographic processes that enhance local productivity or favor prey capture (e.g. Ballance 1992 , Parra 2006 , Pirotta et al. 2011 . Therefore, these variables are often considered useful proxies for prey availability, and dolphins preferred habitats have been identified without direct prey distribution data (e.g. Torres et al. 2008 , MacLeod et al. 2014 .
The common bottlenose dolphin Tursiops truncatus has a wide range and is found in coastal and pelagic waters (Wells & Scott 1999) . Long-term studies of coastal bottlenose dolphins around the world have shown that local communities generally number few individuals, display small home ranges and form genetically distinct units even at small geographic scales (Parsons et al. 2002 , Tezanos-Pinto et al. 2009 , Fernández et al. 2011 . In southern Brazil, coastal bottlenose dolphins are structured into several coastal communities (Genoves 2013) , some with re markably low genetic diversity ). The term 'community' refers to a group of individuals that share large portions of their ranges and interact with each other more than with other members in adjacent waters (sensu Wells et al. 1987) . The largest known discrete community, recently estimated at 86 individuals (95% CI: 78 to 95) (Fruet et al. 2011 (Fruet et al. , 2015 , inhabits the Patos Lagoon estuary (PLE) and surrounding coastal areas year round (Mattos et al. 2007 ). This community occasionally interacts with coastal communities to the north and south of the estuary (Genoves 2013 ). An analysis based on more than 30 yr of stranding data re vealed a marked increase in mortality of bottlenose dolphins in the vicinities of the estuary after 2002 (Fruet et al. 2012 ). This mortality also exhibited a strong seasonal pattern, from mid austral spring to late summer (November to March), which coincides with an intensive artisanal gillnet fishery in coastal waters adjacent to the PLE (Klippel et al. 2005) . Many of the dolphins found washed ashore during this season present net marks or body mutilations and by catch is considered the major source of dolphin mortality (Fruet et al. 2012) . Hence any conservation plan for this dolphin community should take into account information on the relevant habitat characteristics that determine dolphin and artisanal fishery distributions. In this study we aimed to investigate the distribution patterns of bottlenose dolphins in PLE and the adjacent marine coast, to determine the extent to which their distribution overlaps with artisanal gillnet fisheries, and to identify variables that might explain these patterns.
MATERIALS AND METHODS

Study area
The Patos Lagoon is located along Rio Grande do Sul state coast, southern Brazil (Fig. 1) , and is connected to the Atlantic Ocean through a permanent narrow channel (0.5 to 3.0 km wide) fixed by 2 rocky jetties, approximately 4 km long (Kjervfe 1986) . The estuarine area is in the southern portion of the lagoon and is characterized by shallow bays, 80% of which are < 2 m in depth. Deeper waters are restricted to the navigation channel and can reach up to 20 m at the entrance of the estuary where the Rio Grande Port, one of the major ports in Brazil, is located. The lower estuary is subject to intense cargo-ship and fishingboat traffic as well as to extensive artisanal fishing and industrial activities (Tagliani et al. 2003) .
The discharge of nutrient-rich water from the lagoon into the oceanic coastal areas and the intrusion of seawater into the estuary play crucial roles in the maintenance of productivity of this coas tal ecosystem (Abreu & Castello 1998) . The PLE and the adjacent marine system are biologically connected as the life cycles of many invertebrates and fish de pend on both systems, making the estuary an important breeding and feeding area of many fish and crustacean species (Haimovici et al. 2006 , Du mont & D'Incao 2011 , Garcia et al. 2012 .
The artisanal fishing fleet operates year round and follows a seasonal pattern according to local changes in abundance of target species (Reis et al. 1994 , Kalikoski & Vasconcellos 2012 . Until the early 1980s, artisanal fisheries were restricted to the estuary. The collapse of estuarine fish stocks, caused by increased fishing effort and power, resulted in an expansion of the fishing areas to the adjacent marine coast (Reis & D'Incao 2000) . Despite a generally decreasing trend in artisanal fishing effort in the PLE, the number of trammel, fixed and drift gillnets in the lower estuary and adjacent marine coast (i.e. the area preferred by bottlenose dolphins) is still high, especially during the whitemouth croaker (Micropogonias furnieri) season in summer (Reis & D'Incao 2000 , Kalikoski et al. 2002 , Kalikoski & Vasconcellos 2012 .
Survey design
Surveys were carried out from a 4.8 m aluminum boat with a 60 HP outboard engine at speeds around 18 to 22 km h −1 . The speed was set based on a tradeoff between sampling area coverage and chances of detecting dolphins. For logistical reasons, the study area was divided into 3 sub-areas (estuary, north coastal and south coastal), such that each could be fully surveyed in 1 d (Fig. 1) . Inside the estuary, 32 pre-defined zigzag transects (mean length 1.48 km, SE 0.07 km) were followed between the inner part of the lower estuary and the mouth, giving a total surveyed area of approximately 40 km 2 . The coastal area was split into areas south and north of the jetties, each being covered by 10 linear transects. The closest transects to the estuary followed the length of the jetties (2.8 km in the south and 3.2 km in the north areas) and angle. The other 9 transects were each 5 km long and 2 km apart. Each transect line was placed roughly perpendicular to the coastline and isobaths, aiming at a homogenous effort with respect to depth, and distance from shore and from the en trance of the estuary (Buckland et al. 2001) . The initial point of surveys was alternated within the areas.
Data collection and analyses
The survey team included 1 observer responsible for detecting and for counting the dolphins, i.e. the data recorder, who was in charge of both sighting dolphins and counting fishing nets, and the helmsman. Whenever dolphins were sighted, the transect line was abandoned and the boat was slowed to approach the animals for a better estimation of group size. The geographical position of the group was recorded using a hand held Global Positioning System (GPS). Time spent at each sighting was no longer than 30 min, at which point the survey was resumed from the initial sighting location. The fishing buoys and sticks with flags used by the artisanal fishermen to fix their nets were counted along transects, and the geographic position was taken when nets were perpendicular to the observer. The number of buoys and/or flags was used as a relative index of fishing effort (nets km −2 ). The detectability of dolphins can vary de pending on e.g. distance from transect line, observer and weather conditions. The latter 2 were minimized as the surveys were undertaken by the same observers and restricted to sea states ≤3 on the Beaufort scale. To minimize dolphin and net counting errors or variation in detection probability, only sightings and nets detected within a strip 500 m wide along each side of the transect line were taken into account. Thus, the prior assumption that all dolphins (and were recorded. These areas are approximately 1 km 2 (grid) and were used for modeling purposes. Asterisks show sampling stations where environment data were measured nets) would be detected within the buffer area is probably met. This buffer area was split into grid cells of approximately 1 km 2 (Fig. 1) . Each grid was characterized by spatial (e.g. distance from coast and estuary mouth, depth, slope) and environmental covariates (e.g. temperature, sal inity, transparency). The former were fixed covariates and their values were measured on the center of each grid. Environmental covariates, on the other hand, were collected in all surveys on predefined sampling stations. Since values of temperature and salinity did not vary be tween sampling stations within transect in the same survey, no interpolation was necessary. The values in each station were thus assigned to the nearest grids.
Data on water transparency (Secchi disk), surface and bottom temperature and salinity were taken in pre-established sampling stations along transects ( Fig. 1 ), using a thermometer attached to a Nansen bottle and a salinometer, respectively. Three field trips using a jet ski equipped with a DGPS (Differential Global Positioning System) coupled to an echo sounder were conducted following the same survey design to obtain detailed bathymetric data with accurate positioning for the entire study area. These data were used to generate a bathymetric raster using a natural neighbor method interpolation, which does not generate values out of the range data (Watson 1992) . The slope values were acquired using the slope tool from the Spatial Analyst extension in the ArcGIS program (ESRI version 9.2). The spatial covariates distance to shore and distance to the estuary mouth were determined using the Euclidean Distance tool of the ArcGIS program.
Effect of environmental, spatial and temporal variables on bottlenose dolphin distribution
Exploratory data analyses were conducted following Zuur et al. (2007 Zuur et al. ( , 2009 Zuur et al. ( , 2010 to check for outliers, collinearity, heterogeneity and other potential problems of the response and explanatory variables that could affect model fitting (Table 1) . Temporal variations in dolphin and net densities were investigated considering cold (May to October) and warm (November to April) periods, which were defined according to mean sea surface temperature (sst) obtained during the surveys. Spearman correlation tests and variance inflation factors (VIF) were used to assess the collinearity of the explanatory variables considering a threshold of VIF = 3 (Zuur et al. 2010) . The explanatory variables which showed a significant correlation (r > 0.80) and a high VIF value (VIF > 3) were not used together in the same model. Due to differences in spatial and environmental characteristics (e.g. depth, wave exposure, gradients in temperature and salinity) as well as sampling design between the estuary and the adjacent coast, models were fitted separately, considering the area (estuary and coast).
Generalized additive models (GAMs)
The environmental, temporal and spatial explanatory variables that described the distribution patterns of bottlenose dolphins (number of dolphins per km 2 ) were investigated using GAMs. GAMs are extensions of generalized linear models which use a nonlinear link function to model the relationship between the response and explanatory variables without imposing parametric constraints (Hastie & Tibshirani 1990 , Venables & Dichmont 2004 . The models were built using the mgcv package in R version 3. 
Model selection
The spatially adaptive local smoothing algorithm (SALSA) was used for model selection through the MRSea package (Scott-Hayward et al. 2013) . SALSA automatically chooses the location and number of knots in the spline regression model, based on the fit criteria and maximum Pearson residuals, respectively (Walker et al. 2011) . Bayesian information criterion score for over-dispersed data (QBIC) was used for the model selection fit criteria, which is based on a likelihood function to compare nonnested models by penalizing for the number of parameters and sample size (Redfern et al. 2006) . During the process using the 'runSALSA1D_with removal' function, k-fold cross-validation was also used to choose between models with covariates as a smoother-based term, linear term or omitting each term altogether. Once the model reached the best fit, some variables in the models were replaced, one at a time, by another variable that had been correlated in the data exploration and SALSA was run again. Factor and interaction between variables were tested manually by ANOVA function using F-test in car package (Fox & Weisberg 2011) . The procedure was repeated until the model with the lowest QBIC score was ob tained after testing all the possibilities.
Model assessment was verified by creating 1000 over-dispersed Poisson data sets (simulated data) generated using this study data set. The models selected by SALSA were then fitted to these simulated data sets and plotted to graphs to compare the observed and simulated data mean variance relationship, residuals and pseudo-R 2 (squared correlation between observed and fitted values under the selected model). The mean−variance relationship was asses sed using the ggplot2 package (Wickham 2009 ) and the residual independence using the 'acf' function (stats package in R). A histogram using the function 'hist' (graphics package in R) was generated to verify pseudo-R 2 for all simulated models and those obtained by the real data set.
Overlap between dolphins and artisanal gillnet fishery
The relative density of dolphins and buoys and/or flags was estimated considering the number of individuals per area covered, which was calculated according to the effort of each survey. Non-parametric Mann-Whitney U-tests and Kruskal-Wallis H-tests were used to verify for differences in mean densities of dolphins and nets between sampling time periods and areas, respectively.
A fixed kernel density was estimated to compare dolphin and fishing net distribution areas in warm and cold periods. This density estimator takes the sighting position into account within a searching area and considers the number of individuals or nets in each position. The influence of sightings in nearby areas decreases as distance increases following a normal distribution. Through this method the area near the sightings with larger numbers of individuals or fishing nets had higher density values than distant areas (ESRI 2001) .
Representative areas (RAs) used by dolphins and fisheries were delimited by contour lines representing the boundary of the area which contains a percentage of a probability density distribution. The area was considered representative if it contained on average 90% of the sighting positions which were used to generate the estimated kernel density. These areas were obtained through the Hawths tools extension for the ArcGIS (ESRI, version 9.2). RAs were determined for the warm and cold periods. Areas of overlap between dolphins and fishing nets were established according to the intersection of their representative areas for both warm and cold periods.
The percent area overlap (PAO) was determined following Atwood & Weeks (2003) : (1) where Ad,f is the overlap representative area between dolphins and fisheries, Ad is the representative area for dolphins and Af is the representative areas for fisheries.
All statistical analyses were performed using R and BioStat (version 5.3, Ayres et al. 2007) . A significance level of 5% was adopted for all tests. 
RESULTS
Between
Effects of environmental, spatial and temporal variables on bottlenose dolphin distribution
The explanatory variables considered in the estuary and coastal models are listed in Table 3 . The best models selected for both areas did not show significant non-linear relationships of dolphin density with all the explanatory variables (Tables 4 & 5) . Model assessment for both areas showed mean-variance relationship and a reasonable pseudo-R 2 value when compared to the simulations (Figs. 2 & 3) and there was no evidence of residual correlation of both models (Figs. 4 & 5) . The variables retained in the estuary model were distance to the estuary mouth (dem), surface water salinity (ssal) and temperature (sst) (Fig. 4) . The smooth curves showed that bottlenose dolphins were more likely to be found in areas closer to the estuary mouth and occurred at all ranges of surface salinity and temperature ( Fig. 4A−C) . For the coastal area, dolphin relative density increased as distance to shore and to the estuary mouth decreased (Fig. 5A,B) . The interaction between area and period showed that there was a lower relative density of dolphins in the south area on the warm period compared to the intercept; however, this was not significant (Table 5) . No environmental variables were retained in this coastal model.
Overlap between dolphins and artisanal gillnet fishery
In general, there were no significant differences between the number of nets found in the study area between time periods, when the adjacent coastal areas (north and south) and estuary were compared and between time periods inside the estuary (Fig. 6 ).
In the warm period, relative net density to the south was higher than in the north area (H = 7.0912, p = 0.03) and when compared to the same area (south) in the cold period (U = 37.5, p = 0.03) (Fig. 6) . The RAs used by dolphins and fisheries in warm months were approximately 74.5 and 117 km 2 , respectively (Fig. 7A,B) . During the cold period, the RA used by dolphins was similar to warm months (66.2 km 2 ) (Fig. 7B) . On the other hand, the artisanal gillnet fishery used less than half the area in cold months (59.6 km 2 ) compared to warm months (Fig. 7B) . The overlap of RAs between dolphins and fisheries was twice as large (45.4 km 2 ) in warm months as in cold months (21.2 km 2 ), representing 48.6% and 33.8% of the dolphin usage areas, respectively (Fig. 8) . Regardless of the time pe riods, there was an overlap between dolphins and fisheries in the area close to the estuary mouth inside the estuary and in the coastal area near the jetties.
DISCUSSION
Effects of environmental, spatial and temporal variables on bottlenose dolphin distribution
The aim of this study was to describe the distribution patterns of dolphins in the PLE and adjacent marine coast. scale cetacean distribution with GAMs are a high number of zeros, spatial and temporal autocorrelations, collinearity of variables, outliers in the data and differences in survey effort. In our study, sampling effort was high (n = 69 surveys over 3 yr) and evenly distributed over areas and time periods, and col linearity was investigated and eliminated from the models. In addition, the use of distributions of the quasiPoisson family was opted to minimize over dispersion caused by zero-in flation and outliers in the data. The distribution pattern of bottlenose dolphins inhabiting the PLE and adjacent marine coast varied seasonally and was influenced mainly by spatial variables. Bottlenose dolphins were observed in the estuary throughout the year and higher densities occurred closer to the estuary mouth, which was similar to results from previous studies (Castello & Pinedo 1977 , Mattos et al. 2007 ). This region is characterized by dense populations of a few fish species (Vieira & Musick 1994 , Garcia et al. 2012 , and thus supplies high quantities of food to the dolphins. Mattos et al. (2007) frequently observed dolphins foraging near the estuary mouth. This area in the lower estuary, close to its mouth, is characterized by deeper waters (~18 m) and steep slopes compared to the upper estuary. Areas close to the estuary mouth are subject to higher variations in current speed and direction, which changes the water salinity, temperature and their gradients according to the interaction of water discharge and strength of north-easterlies and southwesterlies (Möller et al. 2001 , Castelão & Möller 2003 . Such variability induced by seasonal forcing affects many estuarine-dependent fish species that are abundant in the estuary and adjacent coast (e.g. Garcia et al. 2012 , Rodrigues & Vieira 2013 , and thus ) (black diamonds; vertical black lines show SE) and sampling effort (km 2 ) (grey bars) in each area (estuary, north coast, south coast) and period (warm, cold) surveyed in the Patos Lagoon estuary and adjacent coastal areas of southern Brazil may change the prey distribution and availability for dolphins. In other estuaries worldwide, areas where dolphins concentrate are also related to foraging sites (Ballance 1992 , Hastie et al. 2003 . A preference for areas with steep slopes and strong currents has been also observed in other estuaries (e.g. Ingram & Rogan 2002) as well as in coastal waters of the North Atlantic (e.g. Robinson et al. 2007 ); possibly these conditions facilitate prey capture. The estuarine-dependent fish species whitemouth croaker, Brazilian flounder Paralichthys orbignyanus and the mullet Mugil liza are the main prey for these dolphins (Pinedo 1982 , Lopez 2013 . During periods of higher precipitation, as occurs during El Niño years, freshwater predominates and salinity remains low. This affects the distribution and diversity of all estuarine-dependent species, which in turn leads to higher densities in the adjacent coastal area (Garcia et al. 2003) . In addition, Vieira et al. (2008) suggest that during periods with less saline water intrusion into the estuary, schools of mullet that would aggregate for the reproductive migration remain dispersed. These variations in the occurrence of potential prey for bottlenose dolphins might directly affect their distribution and may explain the relationship between dolphin relative density and water temperature and salinity observed in this study. The spatial distribution pattern on the marine coast area showed that relative density of dolphins decreased as the distance from the estuary mouth and shore increased. Although there have been long movements reported for individuals of this community in waters ca. 250 km south of our study area (Laporta 2009 ) and for other coastal bottlenose dolphins around the world (Wells et al. 1999 , Robinson et al. 2012 , these dolphins are often closely associated with estuaries and productive bays (e.g. Ballance 1990 , Simões-Lopes & Fabián 1999 , Ingram & Rogan 2002 . Fish species that are commonly captured by artisanal fisheries in these shallow, nearshore waters and adjacent to the estuary mouth (Klippel et al. 2005 , Leal & Bemvenuti 2006 , Rodrigues & Vieira 2013 , such as banded croaker Paralonchurus brasi liensis, cutless fish Trichiurus lepturus and southern king croaker Menticirrhus sp., are also prey of this bottlenose dolphin community (Lopez 2013) .
The lower relative density of dolphins in the south area during the warm period could be due to dolphins avoiding the increased human-related disturbance during the late spring and especially austral summer months. Specifically, Cassino beach, located 6 km south of the PLE, attracts about 200 000 tourists during summer, which contrasts with the ~20 000 local residents. In this period, fishing activities as well as swimmers, recreational boats, jet skis and a high volume of traffic moving along the sand beach (Fig. 9A,B ) are likely to increase underwater noise considerably, which might disturb either the dolphins or their prey. These jet skis and boats concentrate within 1 km of shore and around the estuary entrance. The effort of artisanal gillnet fisheries targeting white croaker is higher in spring and summer (Fig. 9A) (Reis et al. 1994 , Kalikoski & Vasconcellos 2012 and occasional illegal gillnet fishing for the Brazilian guitarfish Rhinobatos horkelli (S. Estima pers. comm.) also take place during summer. It has been noted that some bottlenose dolphin populations can change their preferred habitats to avoid areas of major shipping traffic (Lusseau 2005) or temporally leave areas affected by intense noises caused by anthropogenic activities (Brandt et al. 2011, Pirot ta et . Allen & Read (2000) suggested that movement of vessels indirectly affects dolphins' hab itat selection by interfering with prey availability. Longterm studies are needed to confirm this pattern of distribution and the potential effect of noise on dolphin habitat selection.
Distribution overlap between dolphins and fisheries
During the present study, the spatial distributions of dolphins and fishing activities were obtained simultaneously and, therefore, the areas of higher bycatch risk were identified. The results showed clearly that the artisanal fisheries expanded their effort to the coastal areas in the warm period, resulting in a considerable increase in the overlap area with bottlenose dolphins. Fruet et al. (2012) investigated trends in mortality of bottlenose dolphins along the southern portion of Rio Grande do Sul State coast from 1969 to 2006. They found an increased number of stranded carcasses with clear signs of bycatch in areas adjacent to the PLE after 2002, and a marked seasonal pattern of mortality (during spring and summer). This information together with the findings of this study reinforces that this dolphin mortality pattern is related to the artisanal fishing activities during the warm period in the areas adjacent to the estuary.
The fact that prey species consumed by dolphins and targeted by the artisanal coastal fisheries are the same probably promotes the overlap in their distributions. Only 11 bottlenose dolphins were found washed ashore during the period of this study (September 2006 to July 2009 ECOMEGA, unpubl. data) , a low number when compared to the 49 carcasses found washed ashore between 2002 and 2006 (Fruet et al. 2012 ). Events such as El Niño and La Niña influence rainfall and salinity in this area, causing changes in the distribution, abundance and recruitment of fish stocks and shrimp in this region (D'Incao et al. 2002 , Garcia et al. 2003 , Möller et al. 2009 ). During years of poor shrimp harvests, fishermen increases gillnet fishing effort targeting white croaker, squirrel hake Urophycis brasiliencis and blue crab Callinectes sapidus to offset economic losses (Fruet et al. 2012) . During the austral summer 2006−2007 El Niño was weak, with low precipitation rates allowing for the intrusion of salt water and shrimp larvae, which re sulted in a good shrimp harvest (Pereira 2010) . According to technical reports of artisanal fishery landings provided by the local governmental environ- 
Establishment of a dolphin protected area in 2012
In order to reduce mortality among this small dolphin community, the results of this study were used as a framework to design a fishing exclusion area, which was discussed with local stakeholders. In August 2012, the Ministry of Fisheries and Aquiculture and the Ministry of Environment jointly created a resolution to regulate the gillnet fisheries in the southern and southeastern states of Brazil (Brasil 2012) . This resolution prohibits gillnet fishing within the first 5 km inside the estuary, around the jetties and the adjacent marine coast. Along the marine coast this no-gillnet zone extends 1 nautical mile (1.8 km) from shore and 20 km south and north of the Patos Lagoon entrance (Fig. 9C) . It is unlikely that this regulation will cause drastic changes in the local fishing dynamic or in fisher men's incomes, as they will need to move only a very short distance from their previous main fishing sites. When artisanal fishermen leave the estuary they have to bypass the jetties that extend up to 4 km into the ocean. Thus, when they reach the marine coast they are already outside the fishing exclusion area, except in areas around the end of the jetties. In fact, they would have to navigate back towards the coast to set the nets within the protected area.
Despite the relatively short period of this study, the distribution of bottlenose dolphins was consistent with results of previous studies (e.g. Mattos et al. 2007) . Since the boundaries of the protected area were designed in accordance with the results of the present study and the distribution of the dolphins has not changed over the years, this no-take zone for gillnetting can be expected to be effective in avoiding by catch. Unfortunately, our marine coast surveys were spatially limited to 20 km north and south from the jetties (for logistical reasons we could not survey more distant areas along the coast) and, therefore, may not be sufficient to reduce bycatch in areas along the coast outside the protected area. Although the results showed higher dolphin densities near the estuary mouth, where feeding, breeding and calving take place, movements further away along the coast are known to occur (Laporta 2009 ). In addition, other dolphin communities roam along the adjacent marine coast (Genoves 2013) and are also susceptible to bycatch. All these bottlenose dolphin communities present very low levels of genetic diversity . A recent population viability analysis has demonstra ted that the removal of 1 mature female per year due to bycatch would result in a high probability of decline of the small PLE dolphin community . Reducing non-natural mortality by protecting the core and adjacent areas used by this small dolphin community can help reduce risks of de cline and, most importantly, promote population growth. The latter would enhance connectivity and increase gene flow with the adjacent communities, which is desirable for increasing the long-term viabil ity of bottlenose dolphins in southern Brazil. Nevertheless, it is recommended that systematic surveys are maintained in order to detect potential changes in bottlenose dolphin distribution patterns and to assess whether or not this gillnet fishery regulation is being followed, is effective in reducing bycatch, and allows for an economically viable fishery. 
